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ABSTRACT
This 1-year (September 2000 to August 2001) prospective study investigated the presence of hepatitis A
virus (HAV) in the population of Monastir, Tunisia (86 serum samples), in the influents and effluents of
two wastewater treatment plants, and in shellfish harvested in the coastal areas of Monastir, Bizerte and
Sfax (January 2001 to May 2001). The virus was detected by RT-PCR using primers targeted at the VP3–
VP1 region. An epidemic of HAV infection was observed during the winter months, with a peak in
January. The presence of the virus was relatively constant in the influents and effluents of the
wastewater treatment plants, and the virus was found in shellfish from the Monastir area during the
months of January and February. The genotype IA strain was recovered most frequently from human
serum and wastewater samples. The observation that the peak of the epidemic was during the winter
months suggests that transmission of HAV is related to climatic factors and, presumably, to shellfish
consumption.
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INTRODUCTION
The term viral hepatitis is restricted to hepatitis
caused by viruses whose main site of replication
is the liver. Among the enteroviruses (transmitted
by the faecal–oral route) responsible for such
pathologies is hepatitis A virus (HAV), which has
been known since antiquity to be the cause of
numerous epidemics, and which remains the
most frequent cause of acute viral hepatitis [1,2].
This virus is a member of the Picornaviridae
family and the Hepatovirus genus [3]. Seven HAV
genotypes have been identified: four of human
origin (I, II, III and VII) and three of simian origin
(IV, V and VI) [4]. Only one HAV serotype has
been identified to date.
HAV accounts worldwide for c. 3 million clin-
ical cases of hepatitis A annually. Improvements
in sanitary conditions have induced changes in
the epidemiology of HAV infection. This disease,
which initially was generally a mild childhood
disease, soon started to affect young and older
adults, sometimes with severe clinical manifesta-
tions that seemed to increase with age. HAV is
considered to be endemic in Tunisia. However, in
some areas, infection has tended to occur later in
life, because of the improvements in sanitary
conditions. A survey conducted between 1997
and 1999 among the population of the Tunis area
showed that anti-IgG HAV antibody was present
in only 58% of individuals aged 15 years (data
presented at the Ve`me Congre`s National de Gast-
roente´rologie, 1999). A few years later, in 2005,
similar results were obtained in the Sousse area,
located in the centre of Tunisia. In a group of
2400 children aged 5–20 years, Letaief et al. [5]
observed that the average immunity rate was
60%, but increased from 44% among children
aged <10 years, to 58% among children aged
10–15 years, and to 83% among individuals aged
‡15 years. It was also noted that seroprevalence in
children aged 10 years varied according to the
location; i.e., the seroprevalence was lower in
urban (21.3%) than in rural areas (87.7%) [6].
HAV can be transmitted by the faecal–oral route
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or by indirect contact. Transmission by the faecal–
oral route has been observed in homes, schools
and other types of childcare and day-care facilit-
ies. Unsanitary handling of raw or cold food [6,7]
by an asymptomatic or ‘silent’ carrier can result in
the onset of an epidemic.
Indirect transmission is also possible, as HAV
can survive in water. Wastewater effluents con-
taminated with enteric viruses are discharged into
the environment (oceans, streams and rivers)
every day. Although they are highly diluted,
virus particles are adsorbed on suspended
organic and mineral matter. In coastal areas, these
particles can be ingested by bivalve molluscs,
which filter up to 300 L of water daily, and are
able to concentrate HAV by a factor of 100 within
a few hours. Numerous waterborne epidemics
have been described. Such epidemics are
observed following consumption of contaminated
drinking water [8], food produce watered with
untreated water [9,10], or shellfish [11]. The
largest epidemic to date was described in Shang-
hai (China) in 1988, involving c. 300 000 cases of
hepatitis caused by consumption of contaminated
raw clams [12].
The present study is the first prospective
epidemiological study of HAV in the Monastir
area, Tunisia. Monastir is a university city located
on the Mediterranean coast, and numerous shell-
fish beds are found in this area. Molecular genetic
techniques were used to detect HAV in serum,
wastewater samples and shellfish.
MATERIALS AND METHODS
Samples
Serum samples
Eighty-six serum samples were collected from patients with
HAV infection who were admitted to hospitals in the Monastir
area (Monastir, Jemmel, Moknine) between September 2000
and August 2001, and who tested positive for HAV IgM
antibodies (Abbott Laboratories, Rungis, France). Serum sam-
ples were collected from isolated cases and during local
outbreaks of hepatitis A. Samples were collected from patients
(children and adults) with hepatitis symptoms or clinical signs,
e.g., fever, jaundice, vomiting, nausea, asthenia, acute hepatitis
and cirrhosis (Table 1). Serum samples were stored at )80C
until use. The virus was also extracted (see below) from stool
Table 1. Cases of hepatitis A virus
infection identified during the study
Date Area Nb S Gender Agea Epidemiology Clinical signs
September Monastir 1 M C Sporadic J
Moknine 2 F ⁄M 2C Epidemic AH
Jemmel 1 M C Sporadic J A V N
October Monastir 3 2F ⁄M 2C ⁄A Epidemic A V N
Moknine 1 F C Epidemic J A
Jemmel 2 2M 7,2 Epidemic ⁄ school J AH
November Monastir 4 3F ⁄M 9,6,11 ⁄ 35 Epidemic ⁄ family AH
Moknine 4 2F ⁄ 2M 16 ⁄ 2A Epidemic J A V N AH
Jemmel 2 2M C Epidemic J
December Monastir 3 F ⁄ 2M C ⁄ 2A Sporadic ⁄ epidemic J A V N AH
Moknine 6 2F ⁄ 4M 6C Epidemic J A V N AH
Jemmel 4 3F ⁄M 3A ⁄ 17 Epidemic AH J
January Monastir 4 2F ⁄ 2M 4C Epidemic A V N
Moknine 7 5F ⁄ 2M 7C Epidemic ⁄ school J
Jemmel 6 2F ⁄ 4M 12,7 ⁄ 4A Epidemic ⁄ family J A V N
February Monastir 5 F ⁄ 4M 35 ⁄ 4C Epidemic J A V N AH
Moknine 5 2F ⁄ 3M 2C ⁄ 3A Epidemic J A V N AH
Jemmel 4 2F ⁄ 2M 7,47 ⁄ 12,9 Sporadic J AH
March Monastir 3 F ⁄ 2M 3C Epidemic J A V N
Moknine 3 3M 3C Epidemic AH
Jemmel 4 2F ⁄ 2M 2A ⁄ 2C Epidemic J A V N AH
April Monastir 2 2F 42,44 Sporadic J A V N
Moknine 0
Jemmel 1 M C Epidemic AH
May Monastir 2 2M 2C Sporadic AH
Moknine 1 M A Sporadic J A V N AH
Jemmel 1 F C Epidemic J A V N
June Monastir 0
Moknine 1 F C Sporadic J A
Jemmel 2 F ⁄M 13 ⁄ 8 Epidemic A V N
July Monastir 0
Moknine 0
Jemmel 1 6 Sporadic AH
August Monastir 1 M 4 Sporadic J
Moknine 0
Jemmel 0
F, female; M, male; C, child; A, adult; Nb S, number of samples; J, jaundice; A, asthania; V, vomiting; N, nausea;
AH, acute hepatitis.
aAge is expressed in years (where known), or as C (child) or A (adult), indicating the number of patients of each
type (i.e., 2C=two children).
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samples of children with HAV infection from the Moknine
area (Monastir). This viral suspension was used as a positive
control.
Wastewater
Water samples were collected between September 2000 and
August 2001 at the Frina and Ghedir wastewater treatment
plants, located in the Monastir area. The activated sludge
process was the final step of wastewater treatment in both
facilities. Two types of sample, i.e., raw wastewater and
secondary-treated wastewater, were collected from both treat-
ment plants every month.
Shellfish
One species of bivalve mollusc, the grooved carpet shell,
Ruditapes decussatus, was collected for the analysis. Carpet
shells were collected on a monthly basis between January and
May 2001 from different shellfish harvesting areas located
around Sfax (SM, HAK, and PP), Bizerte (MB) and Monastir
(MN) (close to the Ghedir wastewater treatment plant
outfall).
Virus recovery from wastewater samples
The method described by the US Environmental Protection
Agency [13] was used to recover HAV from wastewater
samples. Samples were diluted with 0.05 M aluminium chlor-
ide 1% v ⁄v, and the pH was adjusted to 3.5 with HCl. The
mixture was homogenised, centrifuged at 2500 g for 15 min at
4C, and the pellet was resuspended in 100 mL of beef extract
(Oxoid, Basingstoke, UK) 10% w ⁄v, and adjusted to pH 7.
The mixture was homogenised again and then re-centrifuged
at 10 000 g for 30 min at 4C. The supernatant was used for
virus detection.
Virus recovery from shellfish
Molluscs were opened with a sterile knife under aseptic
conditions (close to the flame of a bunsen burner). The tissue
and intra-valvular liquid were placed in sterile tubes and
kept frozen at )20C. Two methods were used to recover the
virus. The first was based on the glycine extraction method
described by Sobsey et al. [14]. In brief, 50 g of flesh and
intra-valvular liquid were homogenised, and 150 mL of a
solution containing 0.2 M glycine buffer and 0.15 M NaCl
(pH 9.5) were added. The mixture was homogenised at room
temperature for 15 min with agitation, and then centrifuged
at 10 000 g for 10 min at 4C. The supernatant was used for
virus detection. The second protocol was based on the boric
acid extraction method described by Rehn and Schwartzbrod
[15]. In brief, 50 g of flesh and intra-valvular liquid were
homogenised with 100 mL of 1 M boric acid containing beef
extract 3% w ⁄v (pH 9). The mixture was homogenised at
room temperature for 15 min with agitation, and then stirred
prior to sonication (80 W) on ice for 1 min. The mixture was
then centrifuged at 10 000 g for 45 min at 4C and the
supernatant was collected.
The two methods used to recover HAV from mollusc flesh
were compared in order to determine which of the two was the
most sensitive and specific. In brief, 50 g of ground mollusc
flesh was contaminated artificially with suspensions of HAV
(derived from stool specimens) diluted 10)1, 10)2, 10)3, 10)4
and 10)5. The mixture was incubated for 1 h at room
temperature with agitation, and this was followed by virus
recovery as described above.
Concentration of virus suspensions
Virus particles recovered from wastewater samples and
shellfish were concentrated by precipitation with polyethylene
glycol (PEG) 6000 (Prolabo, Fontenay Sous Bois, France), as
described by Lewis and Metcalf [16]. In brief, suspensions
were mixed with PEG 6000 5% w ⁄v and incubated at 4C
overnight. The mixtures were then centrifuged at 10 000 g for
45 min, and the pellet was resuspended in 10 mL of 0.1 M
phosphate buffer (pH 7.2). This suspension was filtered
through a 0.22-lm Millex-GS membrane (Millipore, Molsheim,
France) and collected.
Detection of the virus genome
Extraction of virus RNA was performed using a TriReagent kit
(Sigma-Aldrich, Deisenhofen, Germany) as described by
Chomezynski and Sacchi [17], using 100 lL of filtered and
concentrated viral suspension. The dried pellet obtained at the
end of the RNA extraction procedure was resuspended in
30 lL of RNase-free sterile water.
Primers used in the RT-PCR [18] were derived from the
VP3–VP1 region, which is known to be highly conserved
among HAV strains. Each reverse transcription reaction was
carried out in a final volume of 25 lL. The reaction mixture
contained 5 lL of viral RNA, 5· reaction buffer, 0.2 lL of each
dNTP, 2 U of MMLV (Moloney murine leukaemia virus)
reverse transcriptase (Gibco BRL, Paisley, UK), and 25 pmol of
the HAV2 (5¢-GGAAATGTCTCAGGTACTTTCTTTG) anti-
sense primer. The mixture was incubated at 42C for 45 min.
cDNA product (5 lL) was amplified in a final volume of
25 lL. The reaction mixture contained 1 U of Taq DNA
polymerase (Gibco BRL), 10· reaction buffer, 2 mM MgCl2,
0.2 mM each dNTP, 1 lM HAV1 (5¢-GTTTTGCTCCTCTTTA-
CCATGCTATG) sense primer, and 1 lM HAV2 antisense
primer. Cycling conditions comprised 94C for 5 min, fol-
lowed by 30 cycles of 30 s at 94C, 90 s at 55C and 90 s at
72C, and a final extension step of 5 min at 72C. PCR products
were analysed by electrophoresis on an agarose 2% w ⁄v gel,
followed by staining with ethidium bromide and visualisation
under UV light.
Cloning and sequencing of the amplified fragment
PCR products from raw wastewater samples collected at the
Frina wastewater treatment plant (May 2001: TunEU-05-01)
and from five serum samples (January–May 2001: Tun01-01,
Tun02-01, Tun03-01, Tun04-01 and Tun05-01) were purified by
phenol–chloroform extraction [19]. DNA fragments were
ligated directly into the pMOSBlue-T vector (2887 bp; Amer-
sham, Les Ullis, France) using a blunt-ended cloning kit
(Amersham). These plasmids were then used to transform
Escherichia coli pMOSBlue-competent cells, prepared as des-
cribed by Tounsi et al. [19], using a method based on the
conventional calcium chloride method. Plasmid DNA was
extracted using the rapid alkaline extraction procedure des-
cribed by Birnboim and Doly [20]. DNA sequencing was
performed using a Thermo Sequenase Cycle Sequencing Kit
(Amersham).
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Phylogenetic analysis
The VP3–VP1 nucleotide sequences of six virus strains were
compared with the published HAV sequences present in
GenBank using the BLAST program, and were aligned with
strains of different genotypes from various geographical areas
using the CLUSTAL W program [21]. A matrix of distances for
Kimara’s two-parameter model was then generated [22] and
used to compute neighbour-joining phylogenetic trees. These
were assessed by bootstrap resampling (1000 pseudoreplicas).
These methods were implemented with software from the
MEGA program [23].
RESULTS
Prevalence of HAV infection among the
population studied
The HAV genome was detected in 70 ⁄ 86 (80%)
serum samples (Table 2) using the HAV1 and
HAV2 primers derived from the highly conserved
VP3–VP1 region [18]. Although cases of HAV
infection were detected every month, a higher
frequency was noted between the months of
November and March. A peak was observed in
January (17 ⁄ 86), and the epidemic ceased during
the summer. The group of infected patients
included 61 children aged <15 years and 25 adults
(overall age range 3–47 years), with a male:
female ratio of 1:3.
Detection of HAV in wastewater samples
Many raw and secondary-treated wastewater
samples from the three treatment plants were
positive for HAV. However, the highest numbers
of positive samples were collected at the Ghedir
plant; i.e., six raw and four secondary-treated
wastewater samples were positive (Table 2). This
facility serves the city of Monastir (population
40 000), and treated wastewater is discharged into
the sea. The Frina plant is located at the periphery
of Monastir and serves a population of 60 200.
Five raw and two secondary-treated wastewater
samples from the Frina facility tested positive for
HAV (Table 2).
Detection of HAV in shellfish
With both extraction methods, the limit of detec-
tion was reached with the 1:10)4 dilution. As the
glycine extraction method was more convenient
and less costly than the alternative approach, the
glycine extraction method was used in this study
for detection of HAV in shellfish.
Use of the HAV1 and HAV2 primers led to the
detection of a 247-bp HAV-specific genomic band
in five (20%) samples of mollusc flesh collected at
three sampling sites, MIN (Monastir), HAK and
SM (Sfax), during the peak of the epidemic, and
also during April in the Sfax area (Table 3).
However, the virus was not detected using this
approach at the MB (Bizerte) and PP (Sfax) sites.
Cloning, sequencing and phylogenetic analysis
of amplified PCR products
Several recombinant clones were generated from
wastewater and serum samples. DNA from these
plasmids was extracted and amplified using the
HAV1 and HAV2 primers. Sequencing of the
clones confirmed that the conserved HAV VP3–
VP1 region had been amplified (Fig. 1). Using the
BLAST program, these nucleotide sequences were
compared with those found in GenBank. The
analysis revealed that these sequences shared
97% sequence homology with the genotype IA
strain [24–26]. Homology with the Sewage and
RM3 strains [27] of 96% and 95%, respectively,
Table 2. Detection of the hepatitis
A virus (HAV) genome by RT-PCR
in samples from two wastewater
treatment plants and serum samples
Month
Raw ⁄ secondary
treated
wastewater (Frina)
Raw ⁄ secondary
treated
wastewater (Ghedir)
No. of HAV
IgM-positive
serum samples
No. of serum
samples positive for
HAV ⁄RT-PCR
September 2000 + ⁄ – – ⁄ – 5 3
October 2000 – ⁄ – + ⁄ – 6 5
November 2000 + ⁄ – – ⁄+ 10 8
December 2000 – ⁄ – + ⁄ – 13 11
January 2001 + ⁄ – + ⁄+ 17 13
February 2001 + ⁄ – – ⁄+ 14 12
March 2001 – ⁄+ + ⁄ – 10 9
April 2001 – ⁄ – + ⁄ – 3 2
May 2001 + ⁄+ – ⁄ – 4 4
June 2001 – ⁄ – + ⁄+ 3 3
July 2001 – ⁄ – – ⁄ – 1 0
August 2001 – ⁄ – – ⁄ – 1 0
+, positive RT-PCR; –, negative RT-PCR; + ⁄ –, raw wastewater positive ⁄ secondary-treated wastewater negative.
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was also revealed. The degree of homology
between all five sequences derived from serum
samples was 99–100%. There was 97% and 93%
sequence homology, respectively, between strains
identified in serum samples, those identified in
wastewater samples, and the HM-175 reference
strain (genotype IB strain, accession no. M14707).
A phylogenetic tree is depicted in Fig. 2. All
the Tunisian strains were clustered among the
sub-genotype IA strains. Interestingly, two
clusters of Tunisian strains were revealed within
sub-genotype IA.
DISCUSSION
HAV is the most frequent cause of acute viral
hepatitis worldwide. Improvements in sanitary
conditions have contributed to decreased trans-
mission of the virus in western industrialised
countries and some developing countries. While
the frequency of asymptomatic infections in
young children has tended to decrease, more
severe, and even deadly, forms of infection have
tended to appear among adults (0.2–0.4% of cases
of symptomatic hepatitis; 2% in adults). In some
countries, HAV infection is considered to be a
reportable disease. A vaccine is currently avail-
able, albeit at high cost. It is therefore necessary to
Table 3. Detection of the hepatitis A virus (HAV) VP3–
VP1 region by RT-PCR in shellfish
Area
Collection
site
Month
January February March April May
Monastir MN + + – – –
Sfax SM – + – + –
HAK + – – – –
PP – – – – –
Bizerte MB – – – – –
Fig. 1. Alignment of cDNA nucleotide sequences of the VP3–VP1 region of different hepatitis A virus strains. TunEU-05-01
was a strain identified in raw wastewater samples collected during May 2001 at the Frina treatment plant. Five additional
strains were identified in serum samples collected between January and May 2001: TunS-01-01 (January 2001, Jemmel
Hospital); TunS-02-01 and TunS-05-01 (February and May 2001, Monastir Hospital); and TunS-03-01 and TunS-04-01
(March and April 2001, Moknine Hospital). HM-175 is a reference strain (GenBank accession no. M14707).
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have reliable detection and genotyping methods
for HAV strains found in humans and the
environment. The present study modified estab-
lished molecular genetic techniques [18,28] in an
attempt to better characterise isolates of this virus.
The serological survey revealed the occurrence
of a significant epidemic during the winter of
2001. Climatic conditions, soil leaching caused by
heavy winter rainfalls, and the use of unsanitised
sludge as crop fertiliser, are factors that may
explain the intensity of the epidemic during the
winter. During the summer, the high tempera-
tures, the drought and a reduced consumption of
shellfish probably contributed to the cessation of
the epidemic. Winter epidemics have also been
reported in other countries located in different
climate zones. An epidemic that affected more
than 800 individuals was reported during the
winter of December 1992 ⁄March 1993 in western
France [29], and Divizia et al. [30] described an
epidemic of HAV which occurred in the Italian
lake district between November 2002 and Febru-
ary 2003, with a peak of >40 cases during January
2003.
Human-to-human transmission seems to have
played an important role in the epidemic des-
cribed herein. The infected population comprised
mainly children, and some small-scale epidemics
were noted in homes and schools. Consumption
of shellfish by adults, as well as children, is
common in this area. When, as in this case, an
epidemic is caused by a virus that can be
transmitted by both direct and indirect contact,
it may be difficult to determine the predominant
mode of transmission [31].
In a report published in 2001, Costa-Mattioli
et al. [32] amplified the 5¢-non-coding region of
HAV by real-time RT-PCR, and detected the virus
genome in 72.6% of serum samples positive for
HAV IgM antibodies. In view of these results, the
highly conserved VP3–VP1 region has been used
for HAV detection [18,27,33]. Use of the high-
recovery TriReagent, followed by amplification of
the VP3–VP1 region, enabled detection of the
virus genome in 80% of the serum samples
collected in the present study.
It was expected that there would be a high
number of positive wastewater samples, especi-
ally among raw wastewater samples, considering
the level of the epidemic that had developed
during the winter. The virus extraction–concen-
tration technique is a standard method in which
addition of AlCl3 to acidify the sample induces
precipitation of all free virus particles, which are
then eluted from the substrate by increasing the
pH. However, this technique does not remove
enzymic inhibitors (which may be present in large
amounts in wastewaters) that interfere with the
amplification step. Monpoeho et al. [34] suggested
using polyvinylpyrrolidone to avoid this prob-
lem. As part of a wastewater treatment plant
surveillance programme conducted in western
France (population 700 000), where rates of hepa-
titis A cases are typically low, it was possible to
isolate and identify HAV in all sludge samples
collected between the months of January and
August 2000 [35]. In the present study, HAV was
also detected in some of the treated wastewater
samples from both treatment facilities. It is well-
known that virus particles are only partially
removed from the effluent if no further treatment
is performed after the activated sludge process.
The use of such activated sludge as a fertiliser is a
threat to public health [35].
Isolation of viruses from shellfish is achieved
through elution of viral particles, followed by
TunS-02-01
TunS-01-01
TunS-04-01
TunS-03-01
TunS-05-01
TunEU-05-01
IT-SCH-00
GBM
Sewage
RM3
IT-LOM-02
MBB
IT-GEN-00
HM-175
L8
CF53/Berne
SLF88
AGM-27
88
87
97 99
94
71
90
86
83
90
0.02
IA
IB
IIA
IIB
IIIA
Fig. 2. Phylogenetic tree of six Tunisian strains of hepatitis
A virus (HAV). A 247-bp segment of the HAV VP3–VP1
region was analysed using the two-parameter model of
Kimara. The numbers at nodes indicate bootstrap percent-
ages after 1000 replicate samplings. The bar indicates
genetic distance. GenBank accession numbers: IT-GEN-
00, HEA505804; IT-SCH-00, HEA505807; IT-LOM-02,
AY294048; RM3 and Sewage, [28]; L8, AF394945; GBM,
X75215; HM-175, M14707; MBB, M20273; CF53 ⁄Berne,
AY644676; SLF88, AY032861; and AGM-27, D00924.
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concentration of the virus suspension thus
obtained. The elution method is based on the
use of a chaotropic agent (such as glycine) and pH
variation as a function of the virus isoelectric
point. The concentration method (PEG 6000) used
in the present study is considered to be a standard
method [16]. Virus was detected in January and
February in shellfish from the Monastir area at the
MN collection site, located in the vicinity of the
ocean outfall of the Ghedir wastewater treatment
plant. In January, the virus was also found in
shellfish collected in the Sfax area (Sfax is an
important industrial seaside city located 140 km
from Monastir). The observed HAV epidemic
probably also affected other nearby cities. How-
ever, in the area of Bizerte, which is a small town
located further to the north, no trace of the HAV
genome was detected in shellfish during this
study.
Amplification of the VP3–VP1 region of the
HAV genome by RT-PCR was used to detect
HAV in clinical and environmental samples.
Seventy (80%) of 86 serum samples, 17 (33%) of
48 wastewater samples, and five (20%) of 25
shellfish samples tested positive for the 247-bp
fragment of the HAV genome (Tables 2 and 3).
Six amplified cDNA fragments (one from waste-
water and five from serum samples) were com-
pared. The only differences were found at
positions 30 (G>C), 35 (T>C), 223 (C>A) and 224
(A>G), which may be transcription errors on the
part of the virus RNA polymerase. The strong
homology observed in the present study, i.e., 97%
homology with strains described previously [24],
confirms the low variability of the HAV gen-
ome. A good concordance was observed between
the strains detected in the environment and in
clinical serum samples during the year 2001, with
genotype IA circulating in the environment and
among hepatitis patients. These data clearly dem-
onstrate the presence of newly identified strains
in Tunisia, and show that the sub-genotype IA
was predominant in Tunisia during 2001 (Fig. 2).
The study could be extended by sequencing the
VP1 ⁄ 2A junction region [4] of the strains identi-
fied, which would allow an investigation of the
transmission of the dominant genotype IA strain
in Tunisia during this period.
In conclusion, this study reveals that the HAV
strains infecting the population of Monastir and
those found in the surrounding environment are
identical. HAV surveillance is now necessary in
many countries. Public health authorities must
encourage research laboratories to develop and
adopt effective methods that are suitable world-
wide for surveying the occurrence of this virus.
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